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Emergy and benefit evaluation of “pig — methane — pomegranate” recycling
agriculture in Guanzhong Plain
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(1. Shaanxi Land Construction Group , Xi’ an, Shaanxi 710075, China;
2. College of Resources and Environment , Northwest A&F University , Yangling , Shaanxi 712100, China)

Abstract: To explore the advantage of “pig — methane — pomegranate (PMP)” recycling agriculture mode, we ana-

lyzed the emergy flow characteristics, structure and comprehensive benefits of three modes of PMP using the single

pomegranate planting mode (mode II) and single pig breeding (mode III) as references. The results show that output-in-

put ratio of model I was 8.49, higher than that of mode III while next to mode II. Emengy feedback ratio of model I was

the minimum value of 0.010. The Environmental loading ratio of model I was the lowest, decreased by 1.647 and 0.530

compared with mode II and mode III, respectively. Emergy waste ratio of model I was the lowest among the three modes.

Emergy index for sustainable development of model 1 had the best performance, increased by 9.823 and 8.830, respec-

tively. Compared to the single agricultural mode, economic input-output ratio of all subsystems of model I increased at

various degrees. In summary, model I had the high resource-using rate, low emission, low environment pressure, high

sustainable development potential, high ecological and economic benefits .

Keywords: farmers type recycling agriculture; emergy analysis; economic benefit
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Fig.1 Emergy analysis of “pig — methane — pomegranate”

recycling model
TE P AR T BN AE s Fo—RG IR RE(E; M—11 5 Me—
i N—AATEGH B AR VTR Pi—J s Po— (1M R—PI B3 A AR R
U5 T—al B BLAE
Note: F—nonrenewable industrial auxiliary energy; Fn—feedback emergy;
M—market; Me—methane; N—nonrenewable natural resources; Pi—pig;

Po—pomegranate; R—renewable natural resources; T—original energy
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input and output of the three agricultural models

WH
Item

K FHRE(EA%
%Q%[m-z]]

Transformity

i T Model T

X 1T Model T1

T Model 1T

IR R
Original data

KBHRESE

Solar emergy

JEIR R K MHAE J K

Original data

Solar emergy  Original data

KIHAE

Solar emergy

(% 10* sejounit™!)  (x 107 units (x10% wnit+ (x 10" wnit*  (x 10 unit= (10 unit+  (x 10" unit-
a™!) a!) a™l) a~l) a!) a!)

W HH A AR EUR R Renewable natural resources
KIFHAE Solar energy 0.0001 10814.7 1.081 9400 0.940 1410 0.141
Wi /KfE2£6E Rainfall chemical energy 1.81 7.934 14.361 5.848 10.585 0.877 1.587
HiBKEEBIHE Earth’s rotation energy 3.37 2.713 9.142 2.000 6.740 0.300 1.011
FH7K#fiE Rainfall potential energy 1.03 6.453 6.646 4.757 4.900 0.714 0.735
/N Total 14.361 10.585 1.587
ASAHH B SR P UE N Nonrenewable natural resources
2 Surface soil net loss 7.26 0.294 2.134 0.255 1.853
/N Total 2.134 1.853
AT T4 B AE F Nonrenewable natural resources
ZAL(N) Nitrogen fertilizer 626000 0.00006 38.274 0.00012 72.866
AL (P,05) Phosphate fertilizer 643000 0.000045 28.935 0.000091 58.352
HPHE (K,0) Potash fertilizer 181000 0.00001125 2.036 0.000027 4.887
425 (4H) Pesticides 866000 0.00000678 5.871 0.00000678 5.871
T E Foliar/g 280000 0.0000072 2.016 0.0000072 2.016
SR Plastic bags/g 38000 3.986x 107° 1.515  3.98616x107°  1.515
A& FALA, Farming machinery 6.6 0.54 3.564 0.54 3.564
L3 Diesel 6.6 0.08064 0.532 0.08064 0.532
1 /] Electricity 17 0.3924 6.671 0.3924 6.671
7K Water 5.01 0.85554 4.286 0.4536 2.273 0.40194 2.014
HE(FRIEA) Coal 129 57.967 7477743
)79 #% Epidemic prevention fee 646000000 3.221x10°7  208.072 3.221x10°7  208.072
N AR=N] rasL ﬁ;
getﬁaﬁ%ﬁ?ﬂnstmct fee 646000000 64421077 416.143
TG AT Sty construct fee 646000000 1.610x107%  1040.358 1.610x 107%  1040.358
R AN Government subsidies 646000000 6.442%x 1077 416.143
/Nt Total 1342.130 151.877 8734.857
AT HH AT HLEE T Original energy
FIE Seedlings 6.03 2.94 17.728 2.94 17.728
AT Labor 38 0.80775 30.695 0.08775 3.335 0.6975 26.505
1144 Piglet 173 39 6747.000 39 6747.000
F kK Maize 2.7 1350.985158  3647.660 1350.985158  3647.660
KA Feed grain 6.8 341.202 2320.174 341.202 2320.174
/INZZ £k Wheat bran 2.7 456.1321488  1231.557 456.1321488  1231.557
FHLAE Organic fertilizer 270 0.0015 0.405
AZ%JK Human excreta 2.7 7.6358 20.617
/N Total 14015.430 21.468 13972.895
RGRIARE(E Fn Feedback energy
VR Biogas slurry 2.7 23.73053994 64.072
VI Biogas residue 2.7 54.63347448 147.510
/M Total 147.510
S T Total emergy input 15346.430 241.911 22685 .486
i1 Pomegranate 182 26.96585067  4907.785  25.85155932  4704.984
R Pigs 171 743.6 127155.600 743.6 127155.600
VHA. Methane 2.5 75.20972 3196.413
%% Pig manure 2.7 348.19248 940.120
¥ IR Pig urine 2.7 859.0275 2319.374
B Y Total emergy output 130352.013 4704.984 130415.094
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Table 2 Emergy indices of the three modes

AR Different pattern

[AIEEEL 7N Feikx
Fmergy index Fxpression Bt T Model I BEUTl Model I Kt Modell
REMELF 44 % (ESR) Emergy self-sufficiency rate (R+N)/I 0.001 0.051 0.000
FHE(ET™ I F (EYR) Emergy yield ratio Y/(F+T) 8.503 20.503 5.749
HEM 4 ¥E 2 (EIR) Emergy investment ratio (F+T)/(R+N) 929.370 18.450 14290.240
PRI 11 22 (ELR) Environmental loading ratio (F+N)/(R+T) 0.096 1.743 0.626
AETE I 1513 (EFR) Emergy feedback ratio Fn/(F+T) 0.010 0.000 0.000
fﬁgﬁﬁﬁi ':ﬁi(ii?e velopment EYR x EER/ELR 10.427 0.605 1.597
AE(H I FE 3 (EWR) Emergy waste ratio W/l 0.000 0.000 0.144

T R—PJ SR [ ARBEUR s N— AT BORT FLRBTIR; T— Al A LAE ; Fn— REUBHRENL; I— B8R y—B/ MRk (H; W—REK

FYIREMH s EER—REHACHLR = RS AREME- 54 th B 1L

Note: R—renewable natural resources; N—non renewable natural resources; 7—organic energy; Fn—feedback emergy; /—total emergy input; Y—total

emergy output; W—waste emergy; EER—the rate of emergy exchange is the ratio of total input emergy to total emergy output.
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Table 3 The economic input and output indices

, LA 25 SN LRI
; Economic input Economic output Net income Economic input —
System s 2 2 :
/(yuan-m~?) /(yuan-m~?) /(yuan*m™?) output ratio
BB FRAE Single pig — breeding 1196.805 1525.333 328.528 1.275
- - AR T RS
Pig breeding subsystem of the “pig — methane — pomegranate” sys- 1192.538 1525.333 332.795 1.279
tem
P FEFAE Single pomegranate planting 2.348 8.874 6.526 3.780
M- H - AR RAE T RS
Pomegranate planting subsystem of the “pig — methane — 1.195 9.256 8.061 7.745

pomegranate” system

T B ORI LY 21 MI(CH60% ) A2 T 0.69 m® KRS, 1 5 BEFIRAR K% 1.98 JE(2013 A7) 1145
Note: the calorific value per cubic meter of methane is about 21 MJ (CH460% ), equivalent to that of 0.69 m® natural gas whose price was 1.98 yuan for one

cubic meter(2013) .
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